We present the results of the Gould's Belt Distances Survey (GOBELINS) of young star forming regions towards the Orion Molecular Cloud Complex. We detected 36 YSOs with the Very Large Baseline Array (VLBA), 27 of which have been observed in at least 3 epochs over the course of 2 years. At least half of these YSOs belong to multiple systems. We obtained parallax and proper motions towards these stars to study the structure and kinematics of the Complex. We measured a distance of 388±5 pc towards the Orion Nebula Cluster, 428±10 pc towards the southern portion L1641, 388±10 pc towards NGC 2068, and roughly ∼420 pc towards NGC 2024. Finally, we observed a strong degree of plasma radio scattering towards λ Ori.
INTRODUCTION
Young star forming regions towards Orion have been the subject of much interest, as they are the closest regions of massive young stellar population. The star formation in the Orion Complex is concentrated in two molecular clouds, Orion A and B, with clusters such as the Orion Nebula Cluster (ONC) and L1641 in Orion A, and NGC 2023 /2024 , NGC 2068 /2072 in Orion B. These clusters represent the most recent episodes of star formation in the region, which belong to the Orion OB1c and 1d sub-association, containing mkounkel@umich.edu stars spanning ages from ∼1 Myr up to 6 Myr (Bally 2008) . In addition to the clusters in the main cloud, there are other stellar groups in Orion that host very young stars, like σ Ori, in the OB1b sub-association, and the groups of the λ Ori association at the northernmost end of the complex. Finally, a somewhat older (8) (9) (10) (11) (12) population is contained within the OB1a sub-association, where most of the parental gas has already been removed.
Over the course of the last century, many attempts have been made to measure distances to the Complex, particularly towards the ONC. Some of the earliest measurements were as high as 2000 pc (Pickering 1917) and as low as 185 pc (Kapteyn 1918) . Eventually most mea-surements settled in the 350 to 500 pc range obtained through various means, most typically through zero-age main sequence fitting. Much of the scatter originated from inconsistent assumptions, models, and sample selection (see review by Muench et al. 2008) .
For some time, the most widely used distance was 480±80 pc, obtained from proper motions of H 2 O masers towards the Orion BN/KL region (Genzel et al. 1981) . In the last decade, however, direct stellar parallax measurements of non-thermal emitting masers and stars were made possible through radio Very Long Baseline Interferometry (VLBI). Menten et al. (2007, hereafter MR) obtained a distance of 414±7 pc from observations of 4 stars -GMR A, F, G, and 12 -in the central (Trapezium) region of the ONC. Sandstrom et al. (2007, hereafter S07 ) also observed GMR A and obtained a somewhat closer distance of 389 +24 −21 pc. Hirota et al. (2007) and Kim et al. (2008) observed H 2 O and SiO masers to obtain a distance of 437±19 pc and 418±6 pc respectively in the Orion BN/KL region.
Other major efforts to measure a distance towards the ONC include Jeffries's (2007) . He used stellar rotation to estimate distances of 440±34 pc for his entire sample and 392±32 pc including only stars without active accretion. Stassun et al. (2004) obtained a distance of 419±21 pc through monitoring the kinematics of a double-line eclipsing binary system, assuming a value for the solar bolometric luminosity of M bol,⊙ =4.59, although their distance estimate decreased to 390±21 pc with M bol,⊙ =4.75. Kraus et al. (2009) obtained a dynamical distance of 410±20 pc based on modeling the orbit of the close binary θ 1 Ori C. Some attempts have also been made to obtain distances from dust extinction maps towards not just the ONC, but towards several distinct regions in the Orion Complex. Lombardi et al. (2011) estimated 371±10 pc towards Orion A and 398±12 pc towards Orion B using extinction maps measured from 2MASS. Schlafly et al. (2014) provided distance estimates of 20 distinct regions through extinction from PanSTARRS photometry, although many of them are highly uncertain.
While the distance measured by MR is currently considered as canonical, it is is based on a small sample of 4 stars. In addition, the MR stars all lie within the central regions of the ONC; however, the Complex spans 100 pc projected on the sky, so it would not be surprising if the different regions of the cloud have substantially different distances, and it would not be surprising if the regions have differing radial distances of the same order. Therefore, even if the distance towards the ONC is known with high accuracy, by applying this distance to other regions an inherent uncertainty of ∼20%, for example, could be introduced, as the Complex is located at the distance of ∼400 pc. This propagates to an error of ∼40% in luminosity, to ∼70% in ages of young stars (Hartmann 2001) .
Currently an ongoing mission of the Gaia space telescope is in process of obtaining astrometry towards optically visible sources across the entire sky in order to measure parallaxes accurate to 100 µas for G<17 mag stars (de Bruijne et al. 2014) , which should provide accuracy in distance measurements to within 5-10% up to 1 kpc. VLBI observations can provide an important independent check on optical parallax measurements, as shown by the comparison of VLBI with Hipparcos distances for the Pleiades (Melis et al. 2014 ). In addition, radio VLBI can be useful for measuring sources in regions of high extinction and/or significant nebulosity, as is the case in many regions of Orion.
In this paper we present radio VLBI observations of stellar parallaxes of Young Stellar Objects (YSOs) identified towards the Orion Complex, hereby significantly expanding the number of stars in Orion with known distances and kinematics. This work is done as part of Gould's Belt Distances Survey (GOBELINS, Loinard et al. 2011) , which is dedicated to measure stellar parallax towards the Ophiuchus (Ortiz-León et al. 2016a) , Serpens (Ortiz-León et al. 2016b ), Taurus, Perseus, and Orion star forming regions.
OBSERVATIONS
The observations presented in this paper were made with the National Radio Astronomy Observatory's Very Long Baseline Array (VLBA) at 5 GHz with a 256 MHz bandwidth (spanning the range of 4.852-5.076 GHz). They span a period of 2 years from March 2014 to March 2016, with observations preferentially scheduled near the equinoxes, to target the maxima of the parallactic eclipse along right ascension. All the fields were observed in groups of three per observing session, for a total of 56 observing sessions under the code of BL175 (Table 1) . Each session was planned as follows: a primary calibrator was alternated between observing each field, and after five iterations encompassing all the fields, three secondary calibrators were observed. The duration of each pointing was ∼2 minutes for targeted fields and ∼1 minute for each of the calibrators. The geodetic block was observed at the beginning and the end of each session (the frequency of the observations of this block spanned the 4.596-5.076 GHz range). The total observing time was ∼1 hour per field. Additionally, we spent 1.5 hour per session on the primary calibrator and 0.1 hour on each of the secondary calibrators.
During correlation each field was reduced to a series of small patches only a few arcseconds in diameter, each patch centered at a phase center corresponding to the targets within a field (a description of the process is presented in Ortiz- León et al. 2016a ). Targets were iden-tified from the VLA survey of the Orion Complex by Kounkel et al. (2014) . In that survey 374 sources were detected, out of which 148 were associated with known YSOs, and 86 were identified as YSO candidates on the basis of their radio properties out of the remaining sources that could not be classified by other means. The criteria for candidacy included a) detectable circular polarization or b) short-term radio variability >50% at either 4.5 or 7.5 GHz.
For the first two epochs of the VLBA Orion observations, 40 fields were observed (Table 1 ). The total number of fields was chosen on the basis of the number of hours awarded for the Gould's Belt Distance Survey. We accommodated observations of all five starforming clouds targeted by the program, and the field centers were distributed in a way to maximize the number of known YSOs observed. After two epochs we were already able to begin to distinguish between galactic and extragalactic sources on the basis of motion of the sources between epochs. Twelve fields where no galactic sources have been detected were removed from the survey, six new fields were added to include more isolated YSOs from the VLA survey. The number of fields has been further cut to only 26 for epoch 4, and to 17 for epoch 5.
The data were reduced in AIPS (Greisen 2003) following the standard prescription for the VLBA data. The multi-band delays were removed using the DELZN task based on the geodetic sources (Reid & Brunthaler 2004) . The phase gradient across the sky was then calibrated using secondary calibrators with the ATMCA task. When multiple sources were observed in the same field, the same calibration was applied to all sources. Positions of all the sources were referenced to the primary calibrator. Finally, all sources were imaged and the positions of all point sources were extracted using task the JMFIT task. More details on data reduction are presented in Ortiz-León et al. (2016a) .
Positions of all sources were referenced relative to the primary calibrators (Table 2 ). The arrangement of the primary and secondary calibrators for each field is described in Table 3 . This configuration was preserved through all the epochs. The exception to this are the λ Ori fields, as their primary and secondary calibrators were extended, which resulted in uncertain astrometry. We propose that plasma scattering from the supernova bubble 2.5-3
• in radius around λ Ori is responsible for the image blurring (See Appendix A). An attempt was made to switch to a different nearby calibrator that would improve the astrometry. However, as the assumed absolute positions of the calibrators are not referenced relative to each other, a positional offset was introduced to the sources in the field.
A few other calibrators do have some structure, most Figure 1 . Locations of the sources observed by this program. They are separated into the confirmed YSOs, sources that are most likely associated with the AGN activity, and the ones that could not be identified as either due to either insufficient number of epochs observed, or due to poor astrometry. Locations of all the calibrators are also included with their names. The circle at the top of the figure is 3 • in radius, and it shows the approximate position of the λ Ori ring.
likely due to jet activity, however, an evolving jet structure should not significantly influence measured parallaxes (Menten et al. 2007) , particularly if the main source is point-like and the jet emission is sufficiently displaced. The two most notable calibrators with structure are J0539-0514 and J0532-0307. The former produced many errors in the calibration solutions as it was not bright enough during the first two epochs, with a typical flux ∼30 mJy and substructure was not immediately apparent, but during the third epoch its flux had increased to ∼50 mJy, resulting in a significant improvement in the calibration, and there was a clear emission from a second component at position angle ∼240
• , ∼1 mas away; this emission persisted during all the remaining epochs. The latter calibrator, J0532-0307, always had a spatially resolved second component at p.a. ∼150
• , ∼10 mas away. Variability reported by Kounkel et al. (2014) for all sources that can be distinguished as galactic and extragalactic on the basis of VLBA astrometry.
Our VLBA survey fields covered a total of 300 sources from the VLA survey. As VLBA detections generally require non-thermal emission due to their high brightness temperatures, only 116 objects have been detected (although some of them can be resolved into multiple objects or a jetted structure). We report only on objects that either a) were detected in at least two epochs or b) had a single detection > 5σ (Figure 1 ). Most likely the remaining undetected objects emit only thermally. Thirty six of the detected systems can be definitely identified as YSOs on the basis of astrometric motion, and 57 are most likely associated with AGN activity. The remaining 23 objects have detection in only one epoch or have astrometry too poor to make a definitive determination (Table 4) .
Out of 148 objects in the VLA survey that were known YSOs in the literature, 36 have been detected with VLBA. Three of these sources have been falsely identified, as we cannot confirm their membership to the Orion Complex on the basis of their astrometry. GBS-VLA J054121.69-021108.3 (=VLBA 55), GBS-VLA J053542.27-051559.3 (=VLBA 110), and GBS-VLA J053532.03-053938.6 (=VLBA 139), all previously identified as YSOs on basis of optical and IR emission, but they do not show a significant astrometric offset between epochs. Kounkel et al. (2014) identified 86 VLA sources as candidate YSOs, based on their radio properties, and we detected 26 of them with the VLBA. Only three of these can be confirmed as YSOs in the Orion region. The criteria for selection used by Kounkel et al. (2014) appear to be not entirely reliable: while strong variability at 4.5 GHz can indeed be used to distinguish galactic from extragalactic sources, the same cannot be said for 7.5 GHz (Figure 2) . Similarly, the degree by which circular polarization can be affected by beam squint has been significantly underestimated. Out of nine sources with observed VLA circular polarization detected in this program, we can confirm only two as YSOs.
FITTING
To fit the parallax and the proper motions, the IDL routine MPFIT (Markwardt 2009 ) was used. This routine fits a given model to a data by minimizing leastsquares fit. At the end of each iteration, it outputs only a single array with the weighted differences between the data and the model, and any number of equations can be solved simultaneously.
For a single object, the motion of a star in the plane of the sky is prescribed by
where α 0 and δ 0 are positions of the star at a given reference time, and µ α and µ δ are the components of the proper motion. f α and f δ are the projections over α and δ of the parallactic eclipse, and they are given by (e.g. Seidelmann 1992)
where X, Y and Z are the barycentric coordinates of the Earth in units of AU, tabulated using the Python package Skyfield 1 . The uncertainties in the fitted parameters are twofold. First of all, they depend on the positional uncertainties of all the individual detections of the stars as measured by JMFIT, driven by the resolution of VLBA and the flux of the object. This does not take into account possible various systematic offsets in positions between different epochs, which could be significantly larger than nominally quoted positional uncertainties. Typically, the estimation of errors due to systematic offsets is usually done through examining the goodness of the parallactic fit and scaling positional uncertainties until the reduced χ 2 of the fit becomes equal to 1 (e.g. Sandstrom et al. 2007; Menten et al. 2007) .
Approximately half of GK main sequence stars and 30% of M stars belong to a multiple systems (Duquennoy & Mayor 1991; Fischer & Marcy 1992; Raghavan et al. 2010; Duchêne & Kraus 2013) , and the motion of the binary projected onto the plane of the sky can degrade the goodness of the fit. These multiple systems can be roughly divided into three categories, based on the effect they have on parallax and proper motion fit.
1. Binaries with orbital periods much longer than the total monitoring time covered by this program (e.g. >>10 years). As the star would only barely move in its orbit, this motion would be approximately linear. It is possible to introduce and fit for an acceleration term to correct for the minor shifts due to non-linearity. Determination of the parallax should not be affected by these binaries. Proper motion would not represent the true proper motion of the system, as it is strongly affected by the orbital motion of the star.
2. Binaries with intermediate orbital periods. The effects of the binary motion cannot be ignored during the parallactic fit due to the noticeably changing acceleration of the star; therefore, it is necessary to fit the Keplerian parameters for the binary and the parallax simultaneously. The main orbital parameters are the semi-major axis a 1 of the primary, the orbital period P , eccentricity e, argument of the pericenter ω, the time of passage of the pericenter T P , inclination i, argument of the ascending node Ω and, in case of the astrometric binary with both components detected, mass ratio q. The mean anomalies for the dates of observations are calculated with a given P and T P . Then a true anomaly θ and a radius from the center of mass r are determined along a Keplerian orbit with a given e for the positions corresponding to these mean anomalies. This orbit is scaled and projected onto the plane of the sky through
For secondary stars, θ is rotated by 180
• , and a 2 is used instead, which is scaled from a 1 by q.
The fitting code is not optimized for determining several of the Keplerian parameters in a robust manner, as MPFIT is not a global optimizer, and it can get stuck in the local minima if the initial guesses for the parameters are not optimal. For this reason we explore a parameter grid of the initial guesses of P in steps of 0.2 years, e in steps of 0.1, T P in steps of P /12 and ω in steps of 30
• . The final values of these parameters can be finetuned by the code, and the remaining orbital and parallactic parameters are fitted directly. The uncertainties are determined from the combination of the uncertainties produced by the fit as well as the scatter in the fits from the various initial guesses for the parameters in the grid. Due to a limited number of available epochs, there is a minor dependency in some of the fitted parameters (e.g. parallax and proper motions) between the different realizations of the fits, although the exact trend between the fitted distance and proper motions may be more or less systematic depending on any number of factors, e.g. number of epochs monitored, inclination, or any other physical properties of the system (Figure 3 ), although the uncertainties in the parameters do take the range of scatter into account. The results of these fits are typically comparable within 1σ to the fits produced by the Binary Star Combined Solution Package from Gudehus (2001) . The comparison of these two implementations of the binary fitting algorithm is discussed in Ortiz-León et al. (2016a) 3. Binaries with orbital period smaller than the time between the consecutive epochs of observation (e.g. <6 months). As the stars in these compact binaries should not move far from its center of mass, the overall fit should approximate that of a single star, but with somewhat larger uncertainties in the parallax due to the random sampling of the positions of the star in its orbit, and the effect becomes minimal with a sufficiently large number of epochs. If the star in question belongs to a known spectroscopic binary with a constrained orbit, then by superimposing the orbit onto the parallactic motion it is possible to minimize this offset and determine a more reliable distance through fitting of the inclination i and the longitude of the ascending node Ω for the system. In this case e, P , a 1 sin i, T P , ω, and q are held fixed to the known values from the spectroscopic orbital solutions. Twenty stars have been detected towards the ONC, and we present distance solutions to fifteen of them . Six of these stars belong to the Trapezium cluster. Two stars have been detected towards L1641, three towards NGC 2068, one towards σ Ori. Seven stars have been detected towards NGC 2024, and we present preliminary distance solutions to five of them. These solutions are presented in Table 5 and discussed in Appendices B for ONC and C for the remaining regions. The individual fits are presented in Figure 4 .
Three stars are found to be astrometric binaries with both components detected -VLBA 4/107, 27/28, and 61/62. We presently can fit for the orbital motion of VLBA 4/107 and 61/62, the parameters of which are presented in Table 6 . Another two, VLBA 58 and 68, are also identified as belonging to a multiple systems with intermediate period on the basis of their astrometry, although only a single star has been detected. Additionally, VLBA 125, 126, and 145 have been detected in only three epochs, but they also show possible signatures of multiplicity. Six stars, VLBA 6, 9, 11, 19, 27, and 34, are known spectroscopic binaries with short periods. The distance solution of VLBA 11, 19, and 34 incorporates the orbital motion. The parameters of the orbit are presented in Table 7 . Another four stars, VLBA 4/107, 8, 11, and 27/28, also have either known or identified long period companions in addition to the aforementioned nearby companions (with exception of VLBA 8, they belong to a high order multiple systems).
Revised distance to the Trapezium
Out of six stars observed in the Trapezium, four have been previously observed by MR, although they have incorporated only three of them into the distance solution for the cluster. A simultaneous parallactic fit of all the stars found towards the Trapezium in this program results in a distance of 383±3 pc. This fit is produced by fitting the equations of motions of all the stars at the same time with a single distance but different proper motions for all stars. The result of this fit is also identical to the weighted average of the individual measurements. The weighted average distance of all the stars in the ONC is 388±2 pc. These values do not include possible systematic effects due to the phase gradient (see bellow). This is discrepant with the distance of 414±7 pc obtained by MR by 3σ, or ∼ 0.2 mas in parallax. It is possible that there is a systematic offset of such magnitude between different epochs that cannot be reproduced during fitting by merely scaling the positional uncertainties until the χ 2 of the fit is equal to 1, therefore it is possible that the formal uncertainties are somewhat underestimated. And, since all of these stars are observed in a single field, any systematic offset that is applied to the coordinates of the center of the field will be propagated to the positions of the sources, and the parallaxes and proper motions could be affected accordingly. However performing a fit with a reduced number of epochs in either work done by MR or this work offers no reconciliation, therefore the effect is not dominated by a pointing error in any single epoch.
Low frequency radio observations could be affected by the dispersive delay (e.g. Reid & Honma 2014) that is difficult to calibrate resulting in a phase gradient across the sky, producing a slight offset in the absolute positions of the targeted objects. This effect becomes large the further the object is from the primary calibrator. It does "average out" with the sufficiently large number of epochs; nonetheless, some of it can propagate to the parallax estimation. This effect can lead to somewhat different distances when using different calibrators as a reference for the absolute coordinates of the targeted sources.
To estimate the strength of this phase gradient, we compare the distances of the Trapezium sources with the coordinates referenced to the observed positions of the secondary calibrators (Figure 1 ). The primary calibrator for the field is J0539-0514, which is located 1.2
• away from the targets. The simultaneous fit gives 394±3 pc when all the coordinates are referenced to J0529-0519 (1.3
• away), 375±3 pc relative to J0541-0541 (1.6
• away), and 382±3 pc relative to J0532-0307 (2.4
• away). As the Trapezium sources are located approximately halfway between J0539-0514 and J0529-0519, we can estimate the systematic effect of the dispersive delay on the parallax towards it to be on the order of 0.033 mas (5 pc at the distance of the ONC). This effect is consistent throughout the ONC as long as these calibrators are separated by less than 1.5
• from the target. Referencing the coordinates to J0529-0519 tends to produce somewhat larger distances than referencing them to J0539-0514. This is also true in the cases where J0529-0519 is used as the primary calibrator (i.e. in the cases of VLBA 14, 16, 18, and 19). We add 5 pc (or 0.033 mas) in quadrature to the uncertainties in the weighted average distance to account for this systematic effect. We adopt a distance of 388±5 pc towards the ONC, including the Trapezium.
This analysis cannot be performed on the solutions obtained by MR, as they have observed only a single calibrator. On one hand, as their observations were obtained at higher frequency (8.4 GHz), they should be less susceptible to the dispersive delay. On the other hand, they have obtained fewer epochs, thus this effect is somewhat more likely to propagate to the parallax, and their primary calibrator is somewhat further away.
Some minor differences could also be attributed to the difference in the fitting routines. Both the codes used in this work and work done by MR produce fits within 1σ of each other when applied to a particular set of positions. However, MR assume a circular orbit for the Earth and fit parallax only from α, using δ only to fit µ δ , whereas the code used in this work considers the effect of the parallax on both α and δ using the true orbit of the Earth. Fitting positions quoted in MR produces a combined distance of 406±4 pc including GMR G, or 409±3 pc excluding it.
While it is possible to make a single fit for each star utilizing the data obtained by both S07, MR and this work, the difficulty lies in the fact that the each survey utilized a different observing and calibration strategy. S07 used J0541-0541 as a primary calibrator and J0529-0519 as the secondary calibrator. MR used J0541-0541 as the primary calibrator as well as the geodetic sources. This work used J0539-0514 as the primary calibrator with three secondary calibrators and geodetic sources. The absolute positions of the calibrators that are found in common between these works are assumed to be somewhat different, on up to a ∼ 1 mas level. All of these factors introduce an offset in the absolute positions between these works that is not found in observing the sources repeatedly with the same calibration strategy. While it is possible to calibrate the magnitude of this offset, the exact fit is strongly dependent on the manner of calibration, therefore it is best to treat the data obtained by different projects independently. However, as both this work and S07 have a larger number of observations that the work done by MR, the fit utilizing all the positions does seem to favor a significantly closer distance than the one found by MR.
Multiplicity is another possible culprit of the difference between the fits. At least two stars observed by MR are used in their distance estimate are spectroscopic binaries, which makes distance solutions produced by them to be inherently more uncertain. We analyzed the effect of these orbits could have on the distance. The effect on distance of GMR 12 is within 1 pc. No orbital solution currently exists for GMR F. For of the remaining sources observed by this program and identified as spectroscopic binaries, the effect varies between 3 to 18 pc. While it is possible that it can contribute to the difference between these two works, it is unlikely that it could explain the systematic nature of the offset. Although it must be noted, that the orbital motion parameters can be greatly affected by any systematic offsets in the data, particularly when the orbits cannot be fitted a priori.
Nonetheless, there is sufficient evidence to suggest that the ONC is located closer than has been previously estimated by MR. Systematic offsets would affect each pointing differently. Therefore, a larger number of fields with larger number of epochs and a larger number of sources overall through the ONC implies that the over- all effect of the systematic offsets, if it is present, would be more noticeable in this work than in the work done by MR. The consistency in both the fitted distance and the proper motions estimates of GMR A between this work and that done by S07 suggests that our results are reproducible, which would also be less likely if there was a significant positional offset in our data. Finally, the consistency in distance towards GMR G between this work and that done by MR is surprising, given the lack of consistency between other sources.
Finally, there exists the curious case of the NGC 1980 cluster which is located to the south of Trapezium in the vicinity of ι Ori. This cluster has a somewhat older population of stars compared to the rest of ONC (4-5 Myr Alves & Bouy 2012 ). Unfortunately we do not detect any YSOs towards it, but it is though to be located at the distance of 380 pc obtained through premain sequence fitting (Bouy et al. 2014) . This is why this cluster was thought to exist in the foreground of ONC, as a separate entity. Nonetheless, the kinematics of NGC 1980 do not show any unique features not present in ONC, and, in fact, the velocity dispersion towards it is the smallest of any other region found towards ONC (Da Rio et al. 2016; Kounkel et al. 2016 ). If we assume a significantly closer distance towards the Trapezium and the ONC than what was previously assumed by MR then NGC 1980 should not be considered a foreground cluster, but rather an integral part of the ONC.
Structure of the Orion Complex
The weighted average distance with the weighted uncertainty of all the stars located towards the ONC, including the Trapezium, is 388±5 pc. The distance measurements to nearly all stars is consistent with the average distance for the cluster ( Figure 5 ). There is some scatter in the individual measurements of distance. Most of this scatter is likely to be systematic in nature. Some of this scatter may be physical, as the stars detected towards the ONC span a 4 pc region in the plane of the sky at the distance of 388 pc. It is also possible that some substructure is present in the ONC, however, due to limited sampling this possibility is not definitive.
The southern end of L1641 appears to be located considerably farther away, at 428±10 pc ( Figure 6 ). We include the effect of the dispersive delay in this value, which we estimate to be comparable to what we found in the ONC. Unfortunately we cannot measure it directly, as all of the secondary calibrators are located too far away from the targeted YSOs for their positions to be useful.
The exact manner in which L1641 connects to the ONC is unclear as there are no galactic sources detected in the northern part of the filament. However, it is not unreasonable to assume that the northern part of L1641 filament should be located at a similar distance to the ONC. There is a smooth gradient in radial velocity (RV) along the Orion A molecular cloud, ranging from ∼8 to 4 km s −1 from northern to southern end of the L1641 (Bally et al. 1987; Nishimura et al. 2015) . This could imply either a passive rotation of the cloud, moving from very inclined to a more face-on orientation, or it could be the result of something actively pushing on the gas causing it to accelerate (it is notable that the Orion Complex lies near the edge of the Orion-Eridanus superbubble, Ochsendorf et al. 2015) . If the latter is true, it could potentially explain a large number of stars in the ONC that appear to be blue-shifted relative to the molecular gas (Kounkel et al. 2016) , as their RV would be representative of the initial velocity of the gas rather than the current velocity.
It is difficult to determine how accurate our measurement of the distance towards NGC 2068 is, as all of the calibrators, including the primary calibrator, are over 3
• away. We estimate the effect of the dispersive delay to be on the order of 0.066 mas or 10 pc at the distance of NGC 2068. We find a distance to NGC 2068 of 388±10 pc. Finally, a distance towards NGC 2024 at this time cannot be reliably measured given the high incidence of multiplicity, as well as a limited number of observations currently available for the stars found towards this region. Neither can we currently obtain a reliable distance towards the σ Ori cluster. This would be resolved with further monitoring. At this time we estimate the distance towards NGC 2024 on the basis of measurements towards VLBA 61/62 and VLBA 148 to be 423±15 pc.
Proper motions and runaway stars
Parallax and proper motion solutions (v pm ) are available for 15 systems in the ONC. While this is insufficient to perform a detailed analysis of the kinematics of the region, it is possible to obtain mean motions of the cluster.
Proper motions of long period binaries (i.e. VLBA 8, 9, 11, & 4/107) are not representative of the v pm of the cluster, as they are significantly affected by the orbital motion. Therefore, we do not include them in the calculation of the mean. There are three stars that can be considered significant outliers in terms of proper motions. VLBA 16, 18, & 19 have v pm range between 4.2 to 7.3 mas year −1 (7.7 to 13.4 km s −1 ). The difference is much larger than the typical dispersion velocity of 2.5 km s −1 found towards the ONC (Kounkel et al. 2016 ), therefore, they are also not included in the calculation of the proper motion of the cluster. The remaining 7 stars suggest v pm for the ONC of µ (Figure 7 ). The uncertainties are obtained from the variance in the individual measurement, although they could be somewhat overestimated as the variance is largely driven by the peculiar velocity of stars within a cluster.
The most likely explanation for the high v pm for VLBA 16, 18, & 19 is that they have been ejected from the cluster through a dynamical interaction within the cluster core, with the most notable suspect being θ 1 Ori C. Unfortunately this star has not been detected by this program, but assuming that its proper motion should be similar to the average proper motion of the cluster, all three runaway stars appear to originate in the vicinity of it. Assuming linear motion, VLBA 16 appears to have been ejected ∼ 8 × 10 4 yr ago, VLBA 18 ∼ 12 × 10 4 yr ago, and VLBA 19 ∼ 8 × 10 4 yr ago. Some deceleration probably has occurred as they moved through the cluster; however, assuming the potential calculated by Hillenbrand & Hartmann (1998) , this deceleration is not significant compared to the current v pm of these stars. VLBA 16, 18, & 19 are not alone in suffering the fate of being runaway stars. Poveda et al. (2005) identify JW 451 and 349 having v pm of 57 and 31 km s −1 , which also appear to originate from θ 1 Ori C 1000 and 6000 yr. ago respectively. More famously, sources BN, I and n in the Orion BN/KL nebula have been accelerated to speeds of up to 26 km s −1 through a dynamical interaction 500 yr. ago (Gómez et al. 2008; Goddi et al. 2011) . Even on a more extreme case, µ Col, AE Aur, and the compact binary ι Ori are thought to be ejected from the Trapezium cluster some 2.5 Myr ago through a four-body interaction (de Zeeuw et al. 2001; Gualandris et al. 2004) .
The average proper motion of L1641 is µ 0.38 mas year −1 =−4.48 ± 0.78 km s −1 . The southern end of the cloud appears to move westward relative to the ONC, although it is not collapsing into the ONC directly ( Figure 8) .
Analysis of the proper motions of NGC 2024 is once again made more complex by the multiplicity of the sources. The motions of VLBA 58, 125 & 126, if they are indeed binaries, would be at least partially affected by the orbital motion. We obtained an orbital fit for VLBA 61/62, but the proper motions remain to be rather uncertain. Finally, VLBA 148 appears to be moving away from the cluster, and its motion appears to be rather distinct from however uncertain motions of the other stars. It is possible that it could have been ejected through dynamical interactions in the cluster, although further monitoring would be necessary to confirm it ( Figure 9 ).
The proper motion of NGC 2068 based on VLBA 63 and 69 is µ (Figure 10) . It presently appears to move towards NGC 2024, although this does not take into account the relative velocities of the two clusters.
It is clear that the entire complex appears to move in the southern direction on the equatorial globe, or in the direction of galactic rotation (Figure 11 ). Orion A also moves preferentially towards the East (towards the galactic plane), and the ONC has the largest eastward velocity compared to the other regions of the complex.
CONCLUSIONS
We monitored 36 non-thermal radio emitting YSOs spread throughout the Orion Complex with VLBA over a period of 2 years, and we report measured stellar parallaxes towards 26 of them. Fifteen of them are located towards the ONC, and we find a distance of 388±5 pc to the cluster; somewhat closer than the canonical 414 ± 7 pc distance found by Menten et al. (2007) that is typically used in the literature. This result has implications on the luminosity and ages of the cluster. If the cluster is 7% closer than the previous estimation, this implies that it is 12% fainter, and 20% older (assuming a relation t ∝ L −3/2 ) than what was previously reported in surveys of the ONC such as the one by Da Rio et al. (2010) .
We also report distances towards other regions located in the Orion Complex, such as L1641, NGC 2024, and NGC 2068. While these values are somewhat more uncertain due to significantly smaller sample size, limited spatial coverage (particularly in case of L1641), and multiplicity, these are the first direct measurements of the stellar parallaxes towards these regions. This provides insight into the structure of the Complex.
We identify a possible region of large degree of plasma scattering towards the λ Ori star forming region. The degree of scattering is significant, with broadening of the observed size of the objects of up to 16.5 mas near the center of the cluster at 5 GHz. The scattering is spread all within the ring 2.5-3
• in radius produced by supernova activity. Unfortunately, this effect made it impossible to measure astrometry accurately enough to obtain a parallax towards stars found in this region.
A persistent problem in the analysis of both the parallax and proper motions of the stars is the multiplicity. We conclusively identify 5 of 27 stars that have been detected in at least three epochs belonging to a multiple system with orbital periods between 6 months to 10 years, with at least three more systems identified as likely binaries, although further monitoring would be necessary to confirm them. It is impossible to accurately determine parallaxes to these systems without solving for orbital motion of these systems, which we can presently do to only two of them. Six stars are known spectroscopic binaries with very short periods (one of them also has an aforementioned intermediate period companion); possibly a larger number of them could have very close companions that are yet to be identified, particularly since few surveys of spectroscopic binaries have been performed in the Orion Complex outside of the ONC. While understanding of their orbits is not detrimental for finding the parallax, it could still influence the solution somewhat. Finally, four stars in the sample have long period companions, although only one of them does not have a closer companion in a higher order multiple system. These wide companions should not affect the solution for the parallax, although they do affect proper motions.
In all, at least 14 (possibly more) of 27 stars observed with VLBA belong to multiple systems. Whether this multiplicity fraction is consistent with that for the entire Complex is not yet known as it is presently difficult to identify companions with intermediate periods towards Orion due to its distance. Future generations of high resolution optical and IR telescopes would make it possible to identify the full extent of multiplicity towards this region.
Further monitoring of the identified YSOs would be beneficial as due to variability in radio, currently only a limited number of detections are available to some stars. In the future it would be possible to more effectively measure their parallax and proper motions. It will also be necessary to confirm multiplicity and constrain orbital parameters towards some sources.
The distance solutions produced by the GOBELINS survey will be used as independent constraint on the accuracy of Gaia, as the systematic effects behind the sample selection and the individual observations are different between these two programs. Approximately half of the systems observed with VLBA towards the Orion Complex are optically visible, therefore it should be possible to compare the distance solutions towards them directly, at least in the ONC, although nebulosity could significantly degrade performance in the optical regime. On the other hand, star forming regions towards Orion B suffer from high extinction; therefore only a few members of NGC 2024 and NGC 2068 would be detectable with Gaia.
We acknowledge helpful discussions with Mark Reid which led to testing the possible effects of phase delay in the ONC. Table 5 continued M12=Morales-Calderón et al. (2012 ), S09=Strassmeier (2009 ), M88=Marschall & Mathieu (1988 ), H99=Houk & Swift (1999 ), H13=Hsu et al. (2013 ), A00=Alcalá et al. (2000 , S75=Strom et al. (1975) Table 7 continued As with all the other regions, λ Ori was observed at 5 GHz. During the first epoch of the observations J0536+0944 was used as a primary calibrator, which is located only 0.4
• from the center of the cluster. Calibrating on this source could produce coherent signal only on the baselines shorter than 1000 km, that is the baselines between Fort Davis, Kitt Peak, Los Alamos, Pie Town, and partially Owens Valley.
The second and third epochs were calibrated on J0532+0732, located 2.4
• from the cluster center, but still barely inside the λ Ori ring. While this produced a significant improvement on the calibration over the first epoch, any baselines involving antennas at Hancock and St. Croix could not be calibrated. Since the longest baseline of VLBA was not used, uncertainties in source positions remain large. However, surprisingly, some baselines longer than the baselines involving these two antennas (including most baselines involving Mauna Kea) did produce some coherent signal.
To determine the cause of the poor signal, and potentially finding a primary calibrator that could cause an improvement on the data, in August 2015 we observed 4 calibrators, J0536+0944, J0532+0732, J0544+1118, and J0547+1223 at both 5 and 8 GHz. J0547+1223 was known to produce good calibration, it is located almost 4
• from the cluster center. While it did appear as a point source at both wavelengths, such a large angular separation is larger than what is ideal for a primary calibrator. J0544+1118, located at 2.8
• from the cluster center had an appearance very similar to J0532+0732 -baselines involving HN and SC could not produce a coherent signal at 5 GHz. With the exception of J0547+1223, all 3 calibrators showed a significant improvement at 8 GHz, however, even at this wavelength they did not appear like point sources. And, even at 8 GHz, J0536+0944 did appear to be significantly poorer than any other calibrator.
The Gaussian model fits of the sizes of these sources is listed in Table A1 , these sizes are roughly consistent with λ 2 . Because of this wavelength dependence, we believe that all radio observations of λ Ori are significantly affected by the plasma scattering. A possible source of this scattering is the ionized gas in the λ Ori ring that is currently 2.5-3
• in radius (Figure 1) , left behind by a supernova blast that originated 1 Myr ago (Dolan & Mathieu 2002) . However, it is surprising that λ Ori is the only Orion region where scattering is a concern. Very few regions are known to be sources of significant plasma scattering processes that can be observed in this portion of radio regime; among them are the Galactic Center (Bower & Backer 1998 ), NGC 6334 (Rodríguez et al. 2012 , and Cygnus (Desai & Fey 2001) .
The fourth epoch of the observations was done at 8 GHz and it used J0544+1118 as the primary calibrator. Only 2 sources were detectable at a higher frequency (VLBA 85 and 87). After considering positional offsets that were introduced with the several alterations of the primary calibrators, neither of these sources appear to be galactic. No further monitoring was done for the region.
One object of interest identified towards λ Ori is VLBA 85. It has two components separated by 0.7 mas, possible AGN jet. Table A1 continued and µ δ = −1.67 ± 0.19 mas year −1 , which is consistent with the distance found in this work. On the other hand, MR found a distance solution of 418.4±18.2 pc with µ α = 1.82 ± 0.09 mas year −1 and µ δ = −2.05 ± 0.18 mas year −1 , a discrepancy on the order of 2σ in distance and µ δ . The difference in proper motion is unlikely to be attributed to a long-period multiplicity due to the lack of acceleration observed between S07 and this work. No information is available in regards to whether or not GMR A belongs to a compact binary.
VLBA 6 (=GMR F) is observed to be at a distance of 389±7 pc with a proper motion of µ α = 2.38 ± 0.08 mas year −1 and µ δ = 0.55 ± 0.14 mas year −1 . MR find a distance solution of 406.1±8.4 pc with µ α = 2.24 ± 0.09 mas year −1 and µ δ = −0.66 ± 0.18 mas year −1 . While the two distance estimates disagree, the proper motions are consistent, suggesting that GMR F is unlikely to be a long-period binary. It has been identified as a doublelined spectroscopic binary by Prato et al. (2002) with q ∼ 0.31, but no orbital solution is available.
VLBA 7 (=GMR H) was detected only in the first three epochs of the observations; therefore uncertainties in the solution are presented based only on the astrometric uncertainties and do not take into the account the systematic offsets. We obtain a distance solution of 372±15 pc and µ α = 2.22 ± 0.18 mas year −1 and µ δ = −3.08 ± 0.55. Not observed by MR.
VLBA 8 (=GMR G) is found to be at a distance of 377±5 pc with µ α = 3.82 ± 0.10 mas year −1 and µ δ = 1.60 ± 0.17 mas year −1 . MR only observed this object in three epochs. For this reason they do not present a distance solution; however, the data taken by their program suggest a distance of 382±4 pc, providing a good agreement to the distance obtained through in this work. On the other hand, proper motions obtained by MR are µ α = 4.29 ± 0.17 mas year −1 and µ δ = 3.33 ± 0.37 mas year −1 . This shows that this star underwent a significant acceleration in the 8 years between these observations, suggestive of a long-period binary; however, the magnitude of the acceleration is not sufficient to noticeably affect the proper motions during the ∼ 2 years covered by either program separately. No optical or IR companion to the system has been previously identified.
VLBA 9 (=GMR 25, = θ 1 Ori E) is a known spectroscopic binary (Costero et al. 2008; Morales-Calderón et al. 2012 ) with a circular orbit, period of 9.89520 days, q ∼ 1, i = 74
• and masses of 2.807 and 2.797 M ⊙ . Not previously observed by MR. We find a distance solution of 391± 7 pc with µ α = 1.45 ± 0.03 mas year −1 and µ δ = 1.02 ± 0.08 mas year −1 , without taking into the account the orbital motion. The lack of eccentricity makes it difficult to constrain the position of the star in its orbit with the astrometric data, but the typical effect of this orbit on the distance solution is within 3 pc.
VLBA 11 (=GMR 12, = θ 1 Ori A) is a known triple system. One of the components has been detected through the adaptive optics and VLTI imaging (Close et al. 2013; Grellmann et al. 2013) , with the projected separation of ∼ 0.2 ′′ or ∼70 AU. The other component is an eclipsing system that is also observed through spectroscopy with a period of 65.4 days (Stickland & Lloyd 2000) . Not accounting for the orbital motion we obtain a distance solution of 380±7 pc with µ α = 4.81 ± 0.07 mas year −1 and µ δ = −2.33 ± 0.09 mas year −1 . Incorporating the orbital motion of the spectroscopic binary while solving for i and Ω yields comparable distance of 380±14 pc with µ α = 4.81±0.10 mas year −1 , µ δ = −2.53 ± 0.12, Ω = 150 ± 20
• and i = 87 ± 11
• , therefore, consistent with an eclipsing system. This does not change significantly by assuming that the emission is coming from the secondary instead of the primary. MR found a distance towards GMR 12 of 417.9±9.2 pc with µ α = 4.82 ± 0.09 mas year −1 and µ δ = −1.54±0.18 mas year −1 . This solution did not take into the account the orbital motion; however, including it does not significantly alter the fit. The distances be-tween two observations are discrepant by ∼ 2σ. The difference in the measured proper motion is most likely driven by the acceleration due to the orbital motion of the long-period binary.
Other confirmed galactic sources that have been detected towards the Trapezium include VLBA 13, 149, and 150, but as they have been detected in only two epochs, currently it is impossible to do a parallactic fit.
B.2. Outside of the Trapezium
VLBA 4/107 (=Brun 656) is located westward of the OMC 2/3 filament. It was detected as an astrometric binary system, with VLBA 4 detected in epochs 1, 4, & 5, and VLBA 107 detected in epochs 2, 4, & 5. Orbital motion is clearly apparent in both stars. However, with only six positions it is impossible to fit all 13 parameters for both parallactic and orbital motion. Therefore we exclude i and Ω from the fit, assuming a face on orientation. In the follow up work with additional data it would be possible to present a full solution. Potentially a member of a triple system as Köhler et al. (2006) identify an additional companion 0.4" or ∼150 AU away; this should have little impact on astrometry after 2 year baseline. We obtain a distance solution of 369±10 pc with the proper motions of the compact system of µ α = 2.36±0.69 mas year −1 and µ δ = 0.06±1.05 mas year −1 , and the scatter and the dependence between these parameters is shown in the Figure 3 . This proper motion is most likely not representative of the true proper motion of the triple system. We find the period of the compact system to be 6.27±0.54 years and M cos 3 i of both components of 1.70±0.16 and 1.62±0.38 M ⊙ . The spectral type for the primary has been previously reported to be G2III (Hillenbrand 1997) VLBA 14 (=V1699 Ori) is located towards NGC 1977. We found a distance solution of 401±7 pc with µ α = 1.76 ± 0.05 mas year −1 and µ δ = −0.89 ± 0.16 mas year −1 . VLBA 16 (=Parenago 1469) is located westward of the Trapezium. It was detected only in the epochs 1, 2, & 4. We find a distance solution of 394±4 pc with µ α = −7.22±0.06 mas year −1 and µ δ = −0.99±0.08 mas year −1 . Proper motions for this star are uncommonly large and appear to be projected from the Trapezium cluster (see Section 4.3).
VLBA 18 (=Parenago 1724) is located westward of the OMC 2/3 filament. We found a distance solution of 398±7 pc with µ α = 0.06 ± 0.20 mas year −1 and µ δ = 6.95±0.15 mas year −1 . Similarly to VLBA 16, it also has a very large proper motion vector, which projects back to the center of the Trapezium cluster. It was previously identified by Neuhaeuser et al. (1998) as a runaway star.
VLBA 19 (=Parenago 1540) is located westward of the Trapezium. It is a known double-lined spectroscopic binary (Marschall & Mathieu 1988) . Without accounting for the orbital motion we obtain a distance solution of 404±11 pc with µ α = −3.88 ± 0.13 mas year −1 and µ δ = −1.10 ± 0.15 mas year −1 . Incorporating an orbital fit and solving for i and Ω yields a distance of 386±7 pc with µ α = −4.01 ± 0.08 mas year −1 , µ δ = −1.17 ± 0.07 mas year −1 , i = 104 ± 12
• and Ω = 69 ± 11
• . This results in the masses of the components of 0.49±0.10 and 0.37±0.07 M ⊙ , however, the spectral types of K3V and K5V make these masses to be somewhat suspect. With an assumption that the emission is coming from the secondary with ω rotated by 180
• , an alternate family of solutions is found at 413±12 pc with µ α = −3.85±0.14 mas year −1 , µ δ = −1.12±0.08 mas year −1 , i = 56 ± 12
• and Ω = 130 ± 14
• , and masses of 0.78±0.40 and 0.60±0.28 M ⊙ . Similarly to VLBA 16 and 18, this system has a very large proper motion vector that projects back to the Trapezium cluster, and it has been previously theorized to be a runaway star by Marschall & Mathieu (1988) .
VLBA 22 (=HD 37150) is located towards the southeast of the Trapezium. We obtain a distance solution of 394±7 pc with µ α = 1.32 ± 0.05 mas year −1 , µ δ = 0.56 ± 0.12 mas year −1 . VLBA 27/28 (=NU Ori) shows considerable motion, but it cannot be fitted yet due to multiplicity. VLBA 27 has been detected in epochs 1, 3, & 5, and VLBA 28 has been detected in epoch 1, with the projected separation of 35 mas from VLBA 27. A single point source was detected in epoch 4, tentatively interpreted to be associated with VLBA 28, ∼8 mas away from the expected position of VLBA 27. This companion system has been previously predicted to exist by Grellmann et al. (2013) based on the VLTI observations. In addition to this, this system contains a known spectroscopic binary with a period of 19 days and a 1 sin i of ∼ 0.15 mas (Abt et al. 1991) ; a hint of extension is seen towards VLBA 27 in some epochs and this could be the source. This system also has a wider companion with a separation of ∼ 0.5 ′′ (Köhler et al. 2006) . Given the fact that the primary was detected only in spring epochs without any fall epochs, we cannot provide even rough constraints on its distance. Follow-up monitoring would be needed in order to accurately understand the motions of this system.
VLBA 34 (=HD 37017) is a known double-lined spectroscopic binary (Bolton et al. 1998) . Without orbital motion we obtain a distance solution of 360±7 pc with µ α = 1.87 ± 0.07 mas year −1 , µ δ = 1.17 ± 0.24 mas year −1 . Solving for i and Ω we obtain two possible results due to the lack of constrains in the direction of the orbit. These results are i = 53 ± 23
• and i = 127 ± 28
• , both with Ω = 131 ± 26
• and the distance solution of 378±10 pc with µ α = 1.88±0.09 mas year −1 , µ δ = 1.20±0.14 mas year −1 . This corresponds to masses of the components of 4.09±4.41 and 2.14±2.22 M ⊙ . Assuming that the emission is coming from the secondary does not change the solution significantly, the estimated distance becomes 383±5 pc, although the inclination angle becomes 76 ± 18
• . VLBA 105 (= Parenago 2148) is located towards OMC 2/3 filament. It was detected only in epochs 2, 3, & 5. The positional uncertainties, particularly in epoch 2, are rather substantial as the source appears to be marginally extended in α. Without accounting for any of the systematic offsets we find a distance solution of 388±53 pc with µ α = 0.33 ± 0.05 mas year −1 , µ δ = −1.34 ± 0.43 mas year −1 . VLBA 114 (= Parenago 1778) is located towards NGC 1977. It was not detected in epoch 1. We obtain a distance solution of 437±83 pc with µ α = 2.54 ± 0.30 mas year −1 , µ δ = −1.30 ± 0.64 mas year −1 . The fit is rather poor, despite the substantial positional uncertainties. This could be attributed to acceleration due to multiplicity.
Other galactic sources identified in the region that have been detected only in two epochs are VLBA 33, 110, & 116. VLBA 115 has also been detected in 2 epochs, and although the α offset is consistent with belonging to the ONC (2.7 mas), the δ offset is over 13 mas; this is likely due to multiplicity. Only two galactic sources, VLBA 45 & 46, have been detected towards L1641. Both of them are located on the southern end of the cloud, at δ < −8
• . The solutions towards them are somewhat more uncertain than they are towards sources located within the ONC, with very large uncertainties and imprecise fit. Preliminary fits result in distance solutions of 424±12 pc with µ α = 0.68 ± 0.06 mas year −1 , µ δ = −0.31 ± 0.22 mas year
for VLBA 45 and 433±28 pc with µ α = 0.25 ± 0.04 mas year −1 , µ δ = −0.47 ± 0.25 mas year −1 for VLBA 46. The fit appears to be somewhat dubious and the observed positions do not agree with the best fits for both sources in the epochs 1 & 4. It is possible that this offset is attributable to multiplicity in both of these objects, although the fact that the magnitude of the offset is comparable for both sources at each epoch makes it more dubious. Therefore we treat this offset as the pointing error due to calibration and solve for a common offset for both sources.
We correct the positions of the first epoch by ∆α = 0.256 mas and ∆δ = 0.771 mas, and the fourth epoch by ∆α = 0.204 mas and ∆δ = 0.659 mas. It is somewhat curious that this offset is comparable in both epochs. After this correction, the distance solution becomes 425±12 pc with µ α = 0.68 ± 0.09 mas year −1 , µ δ = −0.51 ± 0.25 mas year −1 for VLBA 45 and 431±13 pc with µ α = 0.13 ± 0.25 mas year −1 , µ δ = −1.05 ± 0.18 mas year −1 for VLBA 46. This offset has a very small overall effect on the distance, but the proper motions are somewhat uncertain.
In addition to the galactic sources, there are a number of extragalactic sources that can be of interest. VLBA 39/40, 41/42, 47/48, 89/90, & 94/95/96 appear to exhibit no motion between epochs, but they appear to be extended, double or even triple objects. They can probably be attributable to the AGN jets. It is curious that so many of these extended sources appear to be in the direction of this particular region.
C.2. NGC 2068
The second epoch of the observations of this region was strongly affected by a pointing error, and this offset is also present in nearby sources that can otherwise be considered extragalactic. A possible explanation for this is that one of the secondary calibrators had an extremely weak detection in this epoch. We solve for a common offset for all sources of ∆α = −0.559 mas, ∆δ = −0.515 mas.
Three galactic sources have been detected towards NGC 2068. VLBA 63, 68 (=HD 290862), & 69. After removing the offset, we obtain a distance solution of 383±7 pc with µ α = −1.02 ± 0.10 mas year −1 , µ δ = −0.52 ± 0.15 mas year −1 for VLBA 63, and 392±5 pc with µ α = −0.01±0.10 mas year −1 , µ δ = −0.49±0.08 mas year −1 for VLBA 69. On the other hand, we can offer only an extremely noisy tentative solution for VLBA 68 of 455±113 pc with µ α = 0.35 ± 0.27 mas year −1 , µ δ = 0.83 ± 0.83 mas year −1 . The reason for this is that VLBA 68 appears to be a multiple system (although no companion has been directly detected) which greatly affects the positions. At this point in time we cannot perform an orbital fit for the system.
C.3. NGC 2024
VLBA 61/62 has been identified as an astrometric binary, with the first component present in all five epochs, while the second component detected only in epochs 1, 4, & 5. We find a distance to the system of 434±10 pc with µ α = 0.47 ± 0.32 mas year −1 , µ δ = 0.39 ± 0.62 mas year −1 , and the scatter and the dependence between these parameters is shown in the Figure 3 . The period of the binary is 9.50±0.67 years, inclination of 141±6
• , and masses of both components of 1.85±0.58 and 0.95±0.22 M ⊙ . Unfortunately, this system has not been detected at any other wavelength regime other than in radio, therefore, a comparison of masses to spectral types is impossible. While the orbital fit itself is con-vergent, it must be noted that some uncertainty does remain due to the limited number of detections, and although unlikely, a possibility of a somewhat larger distance ∼444 pc as well as a somewhat steeper inclination angle cannot be ruled out currently.
VLBA 58 is another star that was detected in all five epochs in this region, and it also appears to be a binary due to its peculiar motions from one epoch to the next. At this point in time, an orbit to it cannot be fitted, but we obtain a very tentative solution of 449±24 pc with µ α = 0.04 ± 0.31 mas year −1 , µ δ = 0.20 ± 0.43 mas year −1 . Three other stellar objects have been detected towards the region, but only in three epochs, therefore, solutions are somewhat uncertain as they do not take into account any systematic offsets. VLBA 148 has a distance solution of 412± 5 pc with µ α = 0.19 ± 0.44 mas year −1 , µ δ = −0.97 ± 0.27 mas year −1 . VLBA 125 is presently found at a distance of 536±30 with µ α = −0.43 ± 0.16 mas year −1 , µ δ = 1.03 ± 0.42 mas year −1 ; this solution is rather tentative due to the astrometric errors and a quality of the fit. On the other hand, VLBA 126 has a measured distance of 356±4 pc with µ α = 0.55 ± 0.10 mas year −1 , µ δ = −0.10 ± 0.15 mas year −1 . It is clear that VLBA 125 and 126 have a measured distance that is decidedly different from what is found towards other objects in the region. A possible explanation to this is that these stars may belong to an as of yet unseen binary system. Whether this is could also be the case for VLBA 148 is as of yet unclear.
Other galactic sources identified towards NGC 2024 are VLBA 124 & 153, although only two epochs are currently available.
A number of extragalactic objects of interest have also been identified. VLBA 56 shows a clear signature of an AGN jet. VLBA 146/147 has two components, also a probable extragalactic jet. While previously VLBA 55 has been identified as a Class II YSO based on its infrared colors, it shows no positional offset between epochs. It was notable for being extremely bright in radio (highest VLBA flux of 338 mJy at 5 GHz).
C.4. σ Ori
Only one Galactic object has been identified towards σ Ori among those detected with VLBA. VLBA 145 (=HD 294300) was not monitored in epochs 1 & 2, therefore currently only three epochs of astrometry are available. It is found at a distance of 302±32 pc with µ α = −4.92 ± 0.66 mas year −1 , µ δ = 4.67 ± 1.37 mas year −1 . Whether this distance solution is trustworthy or not still remains to be tested; while σ Ori is most likely spatially separate from NGC 2024, a difference in distance of over 100 pc would be surprising. Sherry et al. (2008) previously estimated distance towards σ Ori based on main-sequence fitting to be 420±30 pc, quite close to the distances we obtain to NGC 2024 members. Combined with the rather high proper motions for VLBA 145 of 9.7 km s −1 as well as a somewhat poor fit could imply that this star belongs to a binary system; therefore, further monitoring would be needed to better understand the kinematics of the system.
C.5. L1622
In the VLA survey, only two sources have been identified towards L1622, of which one was a known YSO, and one did not have any classification. The former one was not detected with VLBA, the latter (VLBA 84) did not exhibit any positional offset between observations. No parallax towards this region can be measured. No further monitoring was done past epoch 2.
